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0.1 Overall Description 

The purpose of this program is to allow PDP-X Model I users to program wilh ■ 
extenoeo o P EOP) instructions. The program will reside in core durina u ~ 
■program run time. The PDP-X Model I is designed so that if an EOP l^trt 
■ t,on ,s encountered, the machine will execute a trap in which the instruction 
itse f, its effective address (EFA) and the current state of the progra, Z Z 
(PC) are saved m .general registers Rl/i, RH,12 {8) It will then branch to tlm ' 
aaoress specr.eo by tne contents of general register R13( 8 ). This address " 
shou.o be tne s.arhng address of the Extended Op Simulator. When control 
is tnus transferred to the Extended Op Simulator, it will execute the trapped 
EOi instrucuon g,v,n 3 results and setting up condition code indicators 
(CX,0, 1,2) exactly the same as if the instruction were executed by Modal II 
narawore. Control will then return to the user program in such a way that 
it wul appear that the instruction was executed by hardware rather ihon soft- 

. -■-• ,;°-"' -® "' w '-•"■'caea Op Simulator should, except for 
the oesireo resulrs of the EOP instruction, be invisible to the user program. 
No AC s or conu,t,cn codes (CCs), except those indicated by the particular 
EOi instrucnon, will be modified in any way. The Extended Op Simulator 
■s completely re-entrant so that its use may be interrupted by an EOP trno 
at a higher priorify level. ' " f 

The complete list of Model II EOP instructions, all of which are simulated 
is provided below: 



Arithmetic Group: 
SUB 

CMP 
LCMP 

MUL 



LMUL 
D-iV 



LDIV 



Subtract the effective word (EFW) 
from contents of the specified AC 

(R). b 

Algebraically compare EFW and 

c(8). 

Logically compare EFW and c (R), 

i.e., compare them as 16 bit positive 

integers. 

Algebraically multiply EFW by c (R), 

giving a single or double precision 

result. - 

Logically multiply as above. 
Algebraically divide ErW into the 
double or single precision c (R), 
giving quotient and remainder. 
Logically divide as above. 
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Test Group: 



TSTN 
TSTZ 
TSTO 



TSTC 



C 



Push Group: 
PUC 



PUSH 

PUB 

PUL 

POC 

POP 

POB 
POL 

Miscellaneous; 



Test se leered bits. 
Tesi and zero selected bits 
Test selected bits and set them 
to ]. This is an effective 
inclusive OR. 

Test and complement selected 
bits. This is an effective ex- 
clusive OR. 



increment push down pointer 

and counter but leave push 

down list unchanged. 

Store EFW n push down fist. 

Push and branch. 

Push, branch and. link. 

Reverse of PUC. 

Store last word on push down 

list in EFA„ 

Return from PUB. 

Return from PUL. 



LDC 
STC 
SHFT 



Load a character from the 

indicated 8 bit byte. 

Store right half of AC in indicated 

8 bit byte. 

Shift AC left or right a 

specified number of bits, 

using one of 4 techniques: 

(1) arithmetic shift, 

(2) -logical shift, 

(3) rotate without CCj#, 

(4) rotate with CCj2f. 
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1 . General Specification 

1.1 Machine Requirements 

• The program is intended for vse on the basic Model I PDP-X. No special 
peripheral equipment is needed. 

1 .2 Machine Options 

Not Applicable . 

1.3 System Requirements 
None required, 

1.4 Resident Programs '% 

The Extended Op Simulator does not run as an independent program. !t 
operates only when an EOP instruction is encountered in another PDP-X 
Model I program. Therefore, besides the Extended Op Simulator, there 
must be some other program, say a user program, simultaneously resident 
in core and running. 

2. Design Specifications 

2. 1 Design Goals 



j " Since the Extended Op Simulator must reside m core with one or more 

I user programs, it should occupy a minimum amount of core space. It 

j is hoped that )fififi (octal) registers will be sufficient. 

j Because the Extended Op Simulator may be needed by real-time application 

j programs for such operations as multiply, divide, or shift, and because it 

| is intended to simulate single instructions in such programs, it is of prime 

j importance that the action of the simulator be as fast as possible. 
i • 

j Finally, the use of the Extended Op Simulator must be capable of inter- 

j ruption at any point in case it is called from a higher priority level. All 

j routines in it must be completely reentrant. 

S 

j 2.2 Input 

j No physical input is required or possible. The program does hov/ever, 

i expect internal software input in the form of a trapped EOP instruction. 

j The EOP trap Infonnafion is stored by the PDP-X Model I in general 

I ' £ registers R1^0- 13(3) as follows: 
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R10 Updated PC from~user program 

Rll HOP instruction v/ord. 

R12 EOP eft ec five address. 

R? 3 Entry point to EOP Simulator. 



2.3 Output 



Thoie is no physical output from the Extended Op Simulator. ' The only 
output in any form from if isjhe expected result of the trapped EOP 
instruction stored in the AC or address indicated by ihe instruction and 
the correct setting of the condition code bits in the Program Status Word. 

2,4 Organization 

2.4.1 "Operational Organization 

Not Applicable. 

2.4.2 Internal Organization 

The general structure of the Extended Op Simulator is outlined in Chart 1. 
Step 1 of that chart is executed by the routine titled SAV, steps 2-4 by 
the routine titled EOP, steps .6-10 by the routine filled RET. These 
routines are flow-charted in Charts 2-4. 

SAV: The first action which the Extended Op Simulator must take is 
to save, in a protected place , the current state of the processor, 
- This means all the current general registers R0-7, except Rl, must be 
saved. Rl need not be saved because it contains the PC, which was saved 
in R13 when the EOP trap occurred and replaced by the entry address to 
the Extended Op Simulator. A duplicate copyof the RG bits (bits 10-12 
of the PSW) is saved so that any change made to them while the user's 
PSW is on the stack .can be ignored. The others must be saved because 
the simulator uses R0 and R2-R7. These AC's must be saved in such a way 
that if use of the EOP Simulator at this priority level is "interrupted by 
a higher priority level, the AC's at this level will not be overwritten by 
storage of the new level AC's. 

Protected siorage of the AC's is accomplished by using separate stacks 
for separate priority levels . These stacks also will contain space for 
certain variable storage needed by the various Simulator routines. 
These stacks will be approximately 10 words each (dependent upon 
amount of storage needed by subroutines) in length, and there must be 
one stack for each priority level available on the user machine. 
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The actual stack-selection and protection must be carried out in a single 
instruction, for otherwise an interruption will cause unpredictable results, 
in addition, it must be such that when use of the stack is completed, the 

selector-protector can be reset in a single instruction. 

An AC stack will look like this: 



Aj2f 


PSW (from R$ 




A] 


Effective AC (A# + 


R) 


A2 


R2 




A3 


R3 




A4 


R4 




A 5 


R5 




A6 


R6 




A7 


R7 




A 10 


Variable Storage 




AU 


Variable Storage 





p 



i The impleiTientation of the stack selection must be such that any number 

\ of priority levels from 2 to 8 may be allowed for . Extra space should not 

i be wasted for those who have only two priority levels. Expansion for 

) more priority levels should involve no major change. 

i _, The SAV routine also clears the current (not user) PSW bits & ] (the tra 

] Vr enable bits) to prevent an error trap from occurring until the TRAP 

] routine is entered at the end of the action by the extended OP Simulator. 

i EOP: This routine will determine the AC for the instruction, if any is 

[ . required, and save a pointer to if on the stack. It will then determine 

] which particular EOP instruction has been trapped and dispatch to the 

] proper subroutine to execute the instruction. Dispatching wiii be done 

4 ■ in a straightforward way using a simple dispatch fable and index register 

I R2 % The EOP routine will also set the correct error bits in case there 

J is amernofy reference error on an attempt to reference Rl (the PC). 
\ 

? RET: This routine will restore all AC's which have been saved on the stack, 

1 including any modifications in R^ (the Program Status Word) except 
\ . that the RG bits will be restored as they were originally, and one or 

| two possible AC's. It must also restore the stack selector in the "SAV" 

] routine to what it was before this trap occurred. This must be done 

J in such a way that an interruption in any part of this routine v/iil cause 

• no trouble. Finally, there must be a branch back to the user program which 

J caused the EOP trap. Return will be to the next step in the user program 
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after the LOP which trapped. If Is accomplished by uslnq the {Tapped 
PC in Rlj2f. * hP 

Before returning to the user program, this routine will check to see if 
'an error trap should occur. (This Is done by examining the actual PSW 
error bits and the user PSW error enable bits). If a trap condition 
exists, RET branches to the user error trap handler address (contained 
in R17), instead of to the normal return in the user's program. 

Charts 5-24 are flow charts for the routines which execute the 22 Indiv- 
idual EOP instructions which could be trapped. Additional explanations 
of these routines follow. 



Charts 27-37 are flow charts for the special subroutines used by the EOP 
instruction routines. Additional explanations of these subroutines can 



CI 
In: 

also be found below. 



SU3: The result of C(R) -f (~EFW) must be stored in the AC specified 
by the SUB instruction. When the operation C(R) + {-EFW) is executed 
the condition codes (CC) will be set \n the current PSW as they should 
be set for the SUB instruction. Specifically, CCj# = ) if there was 
carry out of bit J2f,* CC 1 = 1 if the result was negative, * and CC 2 - ] 
if the result was not zero. * These 3 CC bits must be loaded into the CC 
bits of the user program PSW now resident in the stack. 

This routine also OR's the arithmetic error bit Info the user PSW in case 
the result is such there should be on error trap. 

CMP: To determine whether or not C (R) is algebraically greater than 
or equal or less than \he EFW, the operation C (R) - EFW suffices. 
Condition code bit ] will be set if the result 'is negative, Indicating that 
C (R) Is less than EFW, and CC2 will be set If the result is non-zero, 
indicating that C (R)~-4EFW. CCj# must be ignored. Note that the actual 
difference is not saved. 

LCMP: Here C (R) and EFW are treated as 16 bit positive integers. If 
C (RL- and EFW* are alike, C (R) - EFW will set the CC's as required. 
Example 1: C (R) =$0$0'44, EFW =--00054 

C (R) ~ EFW = lJ2f meaning C (R)<EFW 

Example 2: C (R) - \77776, EFW = 177774 

C (R) - EFW = (-2) - (-4) = + 2 meaning C (R)> EFW 

Example 3: C (R) = 177772, EFW = U7774 ■ ■ 

C (R) - EFW = (-6) - (-4) = -2 meaning C (R)<EFW 

* (Cleared otherwise) . 
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If C (R)£ and ErWp- are unlike, then + EFW well set the CC bits 
as they should be, because + EFW^Q means EFW* - j2 (while C (RU = ]) 
so that- C (R) /EFW, and # + EFW<0 means EFW* A (while C (RW - $) 
so that C (R)<EFW. Note that this test will not clear CC2 if EFW = 0, 
so if C (R)p' = EFWjgf and EFW --= 0, the bits must be set for C (R);rEFW. 

LMUL: This routine calls the 16 bit logical multiply subroutine to do 

most of its work. The CC bits will not be affected by a multiply instruction. 

If the addressed AC (R) is even, the 16 bit multiplier is assumed to be 

in R + ], and the product will be stored with high order in R and low order 

in R + 1 . If R is odd, the multiplier is assumed to be in R, and only the 

low order of the product is saved (in R). The high order of the product is 

ignored in this case. The actual work of multiplication is done by the 

subroutine LMULT. See the explanation of that routine for the multiply 

algorithm. 

MUL: The function of this routine is exactly the same as the LMUL routine, 
except that to do the actual multiplying it calls the signed integer multi- 
plication subroutme(IMULT) instead of just the logical multiplication 
subroutine. See the explanation of that routine for the multiply and sign 
compare techniques. 

LDIV: This routine assumes R is even . If R is odd, the preceding even 
register (R-l) is cleared. Operation then continues as if.R-1 is the des- 
ignated AC instead of R. if R is even, C (R) and C (R -f- ]) are treated 
as the high and low order, respectively, of a 32 bit positive dividend 
which is divided by the EFW, treating the EFW as a 16 bit positive 
integer. The 16 bit quotient is placed in R + 1 and the remainder in R. 
If the relative magnitudes of the divisior & dividend are such that the 
quotient is larger than 16 bits, an arithmetic error condition Is set up 
and both arguments are left unchanged. 

The actual division- is carried out by the LDiVD subroutine. See the 
explanation of that subroutine for the divide algorithm.. This routine 
leaves a 32 bit quotient which must be tested to see if it is too large 
for R + 1 . |f the divisior is 0, LDIV will set up the error condition 
bit and branch to RET without carrying out any division. 

The CC bits are left unchanged . 

DIV: The function of this routine is exactly the same as the LDIV routine, 
except that to do the actual dividing it calls ihe signed integer divide 
subroutine (IDIVD) instead of the logical divide subroutine. 



.7. 



JWL...1 i uj jJ ^UJJL4- 



i-Dv^; "Jhis routine loads the byte indicoi-rM kv fl-o cnw • * '■• . t . 
u„rr „r r» ti i /. . . ,- r r 'nujcajca by t f ,e ui W info rne right 



hal 



r or i 



I iie left half of R Is cleared. 



W^EFW " C°m ne 'IT fh f rI ? h ' halr ° f R int0 the b >" e ^dicaied by 

the EFW. C (R) and the other byfe of fhe ^.^ ^ ^^ ^^^ 

b;!";.'!.' 1 " r0U :; n ° ShfffS tho 9, !ven AC leff °'- right a given number of 
Lit po.mor.s. there are actually 4 modes of shifting as described below: 




sniff, fne arithmetic error bit 



is sei '» 



(2) Rotate combined with CCjgf. 

(3) Simple rotate, in which bits leaving one end enter at ihe oiher. 

(4) Logical shift, in which bits leaving one end are lost and zeros enter 
the other end. 

Examples of the 4 modes of shifting are shown in Diagram 3. Outlines 
of the bas.c shift routines are shown in Diagram 4. 
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Diagram 3 



SHFT examples (using 8 bits only) 

SHFT R, r } 4 3^ 
(logical shift 3 left] 




j* i i i i piy ft 



zeros enter 
h 



here 



SHFT R, [] 3j 

(rotate 3 lefi) .._. 

R|l 1 1 .0 1 1 1 l\J 



A A" 



*\ r 



R 'l l 1 f 'l l l 



SHfT R, [0 4 p' 3J 
(rotate with~CCp 3 left) 



CCtf 0i R h V 1 -J2f 1 1 1 l 



J'. ! 



11— 



CCp 1 R rfT i 1 f> 



/ 

] 1 



SHF 
(a 



FT R,[p p' p' 3/ 
ithmeticlhift 3 left 



lost A 



RJ.l 1 ) y ] 0J 



•v/; 



arithmetic error bit of 
PS'N set when bit & 
1 become unequal 



SHFT R, Jj' 2 p 3J 
(arithmetic shift 3 right) 

R /()._£ LI 1 1 / 






the sign bit remains in 
place, but also is copied 
into bit ] 



^N zeros enter 
here 
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tec-! am >-\ 



ohri Kouiines 
SHFTL-L 

SHFU--R 
SHFTR-L ■ 
SHFTR-R 
SHFTC-L 
/Shi FTC -R 
SMFTA-L 



ciear CC^K RL, inc count 
clear CC/i, RR, inc count 
clear CC0; RL,. nic couns- 
el oar CCp, RR, inc count ■' 
RL, inc count, fix user CC0 
RR, inc count, fix user CC0 
clear CCp', RL, set o.e, bit. if CCjtf T bit f inc count, 



set arithmetic error bit if sigs 
oit chances 



SHH A-R save sign bit, clear CCj£ f RR, add sign bit inc count 



Tc>t Group: (TSTN, TST2-, ISiO, TSTC) 

All 4 of those routines call a common subroutine (TEST) which ANDs together 
C (R) and the F.FVV and then sets the user PSVV cc bils 1 and 2 accordingly. This 
is to be done at the beginning of each routine. 

fSTN does nothing else . - 

TSTZ (after calling TEST) then complements the mask (EFW) end ANDs this 
together with C (R) and stores the result in R, This zeros all selected bits. 

TSTO (after calling TEST) also calls the inclusive OR routine for C (R) end 
EFW. The result goes to R. 

TSTC is the same as TSTO except it calls the exclusive OR routine, 

See the examples in Diagram 5, ■ 
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Dir:gr,,;; 5 TESf example (using 8 Oils only) 

R = 1 p' 1 # 1 1 p p 
M = 1 1 £ P p 1 1 ?> 

TSTN: R - 1 p 1 p 1 1 p p 

TSTZ: R - p p* 1 ,0 1 p p 

TSTO: R - 1 i 1 p ] ] }' p 

TSTC: R = p 1 1 p 1 p 1 p 

Push Group: 



CC 1 


= 1 , CC 2 


CC 1 


= 1 , CC 2 


\_ V. j 


^ 1 , CC 2 


CC 1 


= 1, CC 2 
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Before using g PUSH -group instruction a user program must set up c push 
down li:.i (PLM.), within its ov/n core space by doing three- things: (1) alien a 
numbsr (N) of word; for ihc list, (?) s'oie the H;^ oJdrc,s of ihc F odi c'ov.v, \h\ 
olloimc.r.i In RM (5), and (3) stoic the number N in R15 (s). A!! PUSH and 
POP-type instructions modify these two registers. The actual arrcmgmervt of Ine 
push down list counter in R15 is as shown below: 



PDLCounicr 



7 8 



15 



Number of used locations Number of free locations 



PUC: This routine will increment' the PDL pointer, increment PDL counter left 
half, ond decrement the PDL counters right half. It will actually make use of 
a subroutine PU to do this work, because a!! other PUSH- type instructions must 
do the same things to the pointer & counter. 



POC: 1 [us routine will do the exact reverse of the work of PUC. 
the subroutine PO to do a!! its work. 



It will coil 



C 



PUSH: This routine will store the EFVv on the PDL at the address specified by 
\hn current PDL pointer. It will \hen call the PU subroutine to modify the 
pointer & counter. 



■11- 



lUr 



: ihis routine will hr^ ceil lhe PC) routine to modify the P'DL. noin'e 



ana c 



n- *,,;}] 



ournor, one n-.«?n i.r wm semove the not word star 



00 Oil t.K: f 1ST Guv 



Flk>: Ihis routine s-orc-s Ihe PC in she lu-xi- location on the PDL. then oa'H 
the PU subroutine, then leads the Eh' A into Kip (lho saved v^rVCh' 

PG3: This calls PO to modify the PDL ponder ed counter, then load, tbo sur 



cot wort' stored on \Uq PDL. 



li'Vi iJO'O 



PIC 



U0. 



Put: thh routine stores ihe (stacbod) R2 on Ihe PDL, places the updoied PC 
(Rip) into R2, calls PU, P !aocs the updated PC on Hie PDL, calls PU again, ih^ 
pieces die EFA into Rip. ^ . 

POL: CoU, PO io modify the PDL pointer and ccund,r, feed;, ihe sen, C \\v, lo:d 
word stored on the PDL and LFW irdo Rip, calls PO again, then beds tiio now 
las! word on the PDL into R2. 

Special Subroutines: 



CC: 

CC12: 

I NOR: 

EXOR: 

IABS: 

LMULT: 

i/vdJLi : 

LDIVD: 

ID1VD: 

AETR: 

TEST: 

PU: 

PO: 



set CCp, 1 , 2 
set CC], 2 

inclusive OR - 
exclusive OR 

.convert 2 Args, to pos* & compare signs 
logical multiply 
signed rnu'tiolv 
logical multiply 
signed divide 
set arithmetic error bit 
general TEST for selected bits 
push-type pointer-counter modification 
pop-type pointer-counter modification 



CC: The cc bits p, 1 , 2 of the traped user program PSvV must 
reploced with the current cc bits, 



Cicorea ana 



CC12: Similar to above, except leave CCp of user PSW unchanged. 
INOR: Here the logic is AVB - (Not A/\D) +■ Ad 
EXOR: Hero the logic is AVB = — (AAB) *2 + A -f B. 

IA3S: This subroutine is needed by the signed multiply and signed divide 
routines. Its function Is two-fold. First it must convert both ornaments to 
positive (I.e. get their obsoluie values). Secondly it must set an indicator 
as to vh finer or not ihe signs of the two arguments were alike. This latter 
function is carried out oz shown in the following diagram. 
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c 



SW* 



Argument A 



Arc-jjn en 



f i no J Result 



Cgso ] 



cu/ _. r,< 



Cn jC 2 

5vv ~p 



Coso. 3 



CW4 



leave SVV alone 



t'os Ncg N eg 

leave SV/ alone sol SW ~ I ^ c\a) 



1 



Nea 



IGC- 



SW do 



N-o 



Invoice oHuiUi; O. 5 v , lOGYO SyY o'oP"' r ->v '.•.;; -, « : 



n r <v 



SY/-C 



^ 



SV/ - ] ' SVv' - 1 



sw=# 



-•>b. -I : II..5 suorouf.no carries out iho acfuol multiplied ion of erne 16 bii wo-rt 

^WWrW V ' c W e:S f ' ,es f " u "' ,b2rs a ''° pMliive i6 bii !l ' f <* crs - l! ' v/Mi be u 

ino. bu.Ui, tO, rou.ms as a subroutine, one' by the MIJj. HOP routine r,: , ,,h .<„! 



roe! inc. 



Thec.xemple sbo-r-n by Diccycm i c'omoroP'ute; fully boyr i!.e rouiine b to wo.-| : . Th- 
busic mu.l.p.y .coy is ot.ee a moximum of |6 times. The oleponthim for the w.,!,.'.^ 

is: ' f " ' "* " '"' 

Product = X ]5 (2') A/, + X ]4 (V) M + . . . + X n (2 15 ) M 



v/hofu Xj = ifh bit of the multiplier 
Q.ju m - fne multiplicand. 

"Note that the rosuit left by Mils routine is a!v/ays 32 bits. 
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X2, 



X^ 

xsv. 

X»„ 
X>> 



XSX. 
XS>„ 

xs\ 

X^ 



CN 



XS\ 
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xs\ 
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XS^ 
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xs> 



^ 


Q.-^ 
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*s\ 
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"(Up!/,. f««Vi :i on 



oouoie precision predvcd, by cobhq suc^i..-!» !A^s , ■-' »">/. i, T ,.- r, 

° * "^ G, *' J,iit: ' u * °™ U »"K=>, iiio product- Is needed, 
I n. ? V ( '}, Tt. :, r . . . ■ 

-.~J«..u. c, iilIc , oui i!, e envision of a 32 bit rxv.!;?^ m;-~„~ r 



> ° ] • "l 11 " ^ 05ihve '"^r. The cdgonfhm of ihc r 0: ,* 
^ " ri1CJ < ^ed *>>' common long division. The divid* 

"" ^.:^' %:°.'": 9M > m ' M , a 9 r r' u i> of b ^ i* WJ which is oeocder dm 
''■'' , '""'■* :,n!5 P Q;; - <-^ diviner is subdacrMd b— - iN-r.- ^:-... . ., ,« -• 



sine is exardiy die 
?nci h successively 



it iitv^v Oii'?.; ono mo 



l - • ' v--'i 1 1 it; Olio? i f-M ; >'• ov":Y'=~-- -..•.-> :... . * .• • i , , , . „ , 

TPor ■•'■■- • . • c, -" , r , -;'^" u,1, y ^ -e losv used bit of the dbddcnd h ^ 

f 'r ' :,V lJnU5C ° bnS ° f the ^vidend are pic^d io *V m^ o* ^ ^ " 
to form a nrv/ divH— ' r,v-< ■■-' - ♦ " y " ,e rcma!i >^r 

divir'o,-.' ' °" » — "/<•"" ">* Process ls replied uni-fl a!! bifs of Uw 
oivio^hu nave been used, Exactly 3? pW n f thr--'.. f - , i • ,. . 

orpcv,,,:,..! /. » . '/ v '~ P^-'- i!l ^^- i:ie basic divide bop 

} (A! lT(A : '"rTc'i 

-101 

iff'! i/bd 


i 7 



, " QC!UO : SGmn 9 or fhe c ^Tec:f bits of the quofdenr r ee-e crr^.i;.',.. 
^d using fha same reclsier for the dividend end vh- «,^T^ 7 pT"'^" "'" 

r e-,. ^ r . ', "" rv: -' ri ""-"-'0i s.oroqc see :,fers bee 

register will successb/dv b^-,, t K. !■• m.- /, V'; " b '? 0, , r " e ^'V'^n^ 

1 "«,v.ii in,, cjvi&os ao^s Divide info cs nvf.^ - r i^o r!;,e-'- i ■■ • 

«- o^o,,.^, i vr by sernng bie current low bit cf the, dividrnrjA.^f; ', ,„:,■. 



i ( . e -> < v i u v. i i u / u u o i f e i 



The remainder musf be double precision became fho dividend U, a^ tV 
civ, 5 or mus be treofed as double precision Jo accomodale subdvc d~ vd 
rn. r^iuir^ur cna aiso because the neeativ^ of a ?A b?'- r ~,.^.. <• • / i . , 
is possjulc \.,.n , ( - lt; LA^UL instruction ,,iay recuir ft 17 bite 
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Iry divisor & reject nog. result 
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22(8) J? 3 
5 f] 35(8)" "~~ 



cjuouon;- o;m a s;gnsd remainder. Ir d— fU- I- .h: t>»r u ' ° 



ihe s ;sns of the divisor and dividend are unlike 
remainder agrees wdh fde dividend in sfem 



3 and t.UiVD. (;• 

'i negates the quotient. The 



A CTf> T' • ! 

/al.Ji\: I his suoroutme r^prplv 



ln9 .. r , 



an tnme tic error- cor 
roudn- ;usdsed of n 
usual circumstance-; 



;i mc ,cc 



o, mm user Pie, i n die s ;- ac u a , 0<1 ■ 

i»y ifu; inclusive On 



■OjUO l.)V c 



c 



3.1 



3.2 



v5 8 



3 4 



3.5 



: TH ?i ?s i: ' c SenoraHzed 1ST subroutine. If ANO's together the EFVV and C 
J.icn sow mo user PeVY cc bits I, 2 accordingly. 



■?o, 



'"^: This is vne aenerc 



p-J5h~ t ype mstm <m 
•r as d -scribed Tor the PO'~' " " 



'"^ JO j:iooiiy rue vol pointer c 



/ 



, '. ^^n'ucrion. Inis routine sets the push dov.m. 
der right half ~^i vdmn die routine is ca! 



. H .. J 



1 * ■ w « -■'' < »i 1 1 iu t uu cour 

PO: This is the gene, cd POPmyuc inrd, si.Srow^^ t n — -!'.r w m„ rr V . , 

, ..°.; . ^"r '' "' ,rie rU " '^suction. I his routine sets die pud, c | fl „, 
error bd i f the PD r<-v. -■•■-.• !<-•"<• l-.ur _ e » .» . r 

■■^ m-. l Uv.mv. It*, dent --£ v/nen Ir;- routine is called. 

Operaumj Procedure 

Loading Procedure 

Not yet available * 
Sv/iJeh Settings 
None required or available , 
Start-up Procedure 



None required. Tru 
vser program. 

Command Language 

Not applicable. 

Opera; ion 

Not applicable . 



program operates onjv wh^n nn FOP ;/*■.-,-,«.-,- -i • 

' ° « ^i.^ -y.)..,! Cm? ewr is napped in a runnmr 



o. me mee- 



;o stere ihe entry address of the p:ogrom ? t1 R] ] f c; j| prbrfty jeye? . 



-r/~ 



r 



■ v.. v, v, , v,. , \ 

file rui'-A !$ aOSKjnOO SO UKC Con | T; "voe$ Ct DfOOl'Oi ;"!: ; ! mO One D!'C 

errors moy cause error froce* ' Such error conditions are indicated !?■ 
.ne \ -5i»- . m? nrsv V ens or rno s \>\7 are a!;oca«'ea ior ens purpose 



v.- r -v, , „ , 

i' ;'.} I," l U- 



error Iran 



FYeqrcm Stcrus V/orcl 



error conn si" son h\ 



..... _,_.___ 
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error iron enaole dhs; 



hit 0: 



i. i -i ■ 

enames anrnni 



enables a?! Oil! 



! " , ... J ... ... Tf . 

:i lu tnut I i Up u i 
, • C 

n" onor i i aps n Si 



Error condition bits: 



1 * 1 

D i r 


?: 


i • j 

Oil 


3: 


b i t 


4: 


bit- 


5: 


bit 


6: 


bit 


7: 


bit 


8: 



arithmetic error 



.-,_.,. _,..'.,..,!,' ... ,. , ... . , „ 

I <Ui i ~t A 1 Ci lOCv.! ii it'i i fUi V till.'! 

aoorosssng Gxcoprion error 
i/O error 

prive! edged instruction erroi 
read only violation error 



If one of the error condition bits is set upon execution of .an instruct 'ion, and if the 
corresponding error enable bit is set, an error irao will occur in the following manner 



The address. of the instruction which caused the error will be loaded into R16/o\ and a 
branch to iho address contained in l't7(3) v/ili occur. Presumably the user wis! have 
stated rho address of his error trap handler in R17. 



Tiie Extended Or Simulator must simulate error traps if the trapped EOP inslruction 
is such, iha 3 ' an error condition exists. The following types of error's must be dealt with: 
(!) Arithmetic error: If the result of a-SUB instruction, or trie quotient of a DIV or 
LDIV instruction is too large for its intended AC, the arithmetic error condition bit 
(bit- 2) is set. On on arithmetic left shift 1 , if the sign bit gets changed at any point 
of the shift, the arithmetic error condition bit is sef. 



OW ruin 



en ion i;; en 



en no;v or in.;: |o..'l cou; 
. r i 



■D 0".; si i'fiC: I o f«' bo if of file i' ! i, ; l- cq 



/ ; W')G>"i a »"'Ui'-typc iiij'Tuciion is en^oUiReiod, oil oof she PS'vV ir sr-D, 

memory of tin 



Uv Isun-exibiioui merno.y erior: si" me urA is too I crow for bse 
. , ,. , . . 1 ! • t * , / - , 

L'oM ^ itiO'-U Hi '.J , Oii O i~> SGi, 



1'*; A-jarcrosng excepoon error: \i a reference, to J; i uhc !'^) sg made, bo ;> 
is sol", , ■ 

iT any attempt is made to write ivtc Register Group bits oF fhe PSW, it is 
iqnored. 



Before returning to the user program, she "RET" routine compares the error 

condition bio wbh ibo error encbh: bio. If o Sto-> conditio"! exisD, the mop 
,,,;!! 1- -. ,.:, . ... i , r. ,. i r ... j r . i^ .. „ ' j... ...',. ,, ,i '. i M -■■. - ', 

Will <-K .;iiuv'.U,u! O;;-.! O O;0:.un IU ii;U U;h-< S OOOf H 00 f OM :0 i CO \V i OGC'Ui', fr'O' 

or o roourn to ms runnm" 



""o K w t; ! ^" 



4. i 



ruoma; nnv mourn em 



4.] 



i rco e -oir: 



iiici'o arc shor'er rouiirms which could hav- ,! !----pn ' * c 



vj nenn usee for mu'ripbection and 



oivisson, NamCiy, mui ? ipi ication con hz dorse by merely adding the muhdp!ico: 



to rho AC a number of time? egua' to tho r 

1 



'"'''on con bo done 



dody by subtraction 



■li'.'Ci VOij;.: 0; OO \i\ ■■) i . ipO c > , CO.- 



V »•'/ 






to no:; of instructions required, en 
routines which were chosen. 



a qrea' dea! more time consuminq rnc 



... , 



No attempt has been made to carry out the operotion in the manner ihot will bo 
used by the Model i! hardware. The program will execute these operations in th 
most efficient way they con be done by software, end will produce the .-same 
results/ in oil respects, as are produced by Model !! hardware. 

4*2 Software In -erf aces 

Not oppii cable . 

4.3 Conventions 



Subroutine calling sequences ore all of the forr 

BAL SUBR " 

ARC ] ADDRESS 
ARG 2 ADDRESS 
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"■ M I. UUA ^J^^J^ .. .„. ._ ., 



*-^^^-=ev^,jrtix>.. 



ARGN ADDRESS 
C RETURN 

4,4 Language 

The 



program will be written in PDP-X assembly language, using Basic OPS only. 
5. External Environment ' 

5.i Execution Speed 

Not yet available . . 

5.2- Use 

With the Extended Op Simulator PDP-X Model I user, may employ EOP instructions 
■ n ^'r PT^rams. When and EOP instruction in the user's program is encounte ed 

■ wo-dt R ^ FfI 6 -" p t^f^ '" 9enera ' re9iSfer ^ the EOP -true fo„' ; 
1 ,'u , A '" R ' 2 ' ° nd fhen branch to fhe address c °n f °^ in R12. This 

address w, 1 1 be the starting address of the Extended Op Simulator. The Extended Op 
Simulator wd save the user program AC's, execute the EOP instruction, then restore 
the user's AC's, update them with the results of the EOP instruction, and finally 

: ^^^i:::^:r at the address contained ,n m u - *• *&»***> 

5.3 Interface 

This program is designed to be used by running PDP-X Model I system or applications 
program Its function s to allow these. programs to employ EOP instructions noZl ly 
availab e on yon Model II. It must reside in core simultaneously with the program * 
tha w,II call it. When EOP instructions are encountered, the machine wilfautomat- 
,co\\y branch to he Extended Op Simulator. After execution of the EOP, the Extended 
Op Emulator will return control to the user program making everything appear that 
the program is running on a Model. II machine. W 

5.4 Examples of Use 

Suppose a user program contains the following sequence of steps: 



!^ %H'% ' ^ Jong form) a^e X =5 

1512/ BM ADD?" • r {lon * hm > 



)c 



c 



When the CMP instruction is encountered, the EOP trap registers are loaded 

os follows: * ■ 

R10/ 0)5)2 ;UPDATED PC 

Rll/ 150511 ; OP = 6, R=4, X = l Dl=112 

R12/ 00,511 ;E FA ' ' 

R13/ 0070#f . ST. ADDR. of Ex. Op. Sim. (which 

;. was loaded earlier by the 
; Ex. Op. Sim. LOADING PROCEDURE) 

Then 7000 is loaded from R13 info the PC, and the operation of the Exfended 
yJp Simulator begins. 

The Extended Op Simulator will store the contents of the general register on the 

stack as follows: 

; STACK A (assume priority j^) 
■?W (A# /0 ; Assume this was the PSW 

; when the trap occured 
7101 (Al)/7104 ; pointer to effective AC (R4) 

71j2f2(A2)/C(R2) K } 

71^3(A3)/C(R3) 
71^4 (A4)/C (R4)=5 
etc. 

The Simulator will then carry out the operation 5-35 = -30 with CC0 = ( no 
carry), CC] = 1 (negative result), and CC2 = 1 (non-zero result). Then -30 
is stored at 7104 (A4 = the effective AC for the SUB) and the condition codes' 
are ORed ?nfo 7)00 giving C (A0) ^000003. Finally the Extended Op Sim- 
ulator oads contents of all the general registers on the stack into the actual 
general regrster and executes a B @ 10 back to the instruction at 1512 in the 
user's program. 



6* Documentation 

6. 1 Major Aspects 



(1) Function of the programs. 

(2) Loading procedure. 

(3) Full explanation of all EOP instructions (if these* a re not provided with standard 
Model I manuals). 



6.2 Checkout 
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I 0) Debugging separate portions of the program, using PDP-X Simulator 

]f- on a PDP-7 or 9. 

j^ (2) Te s^ and debug the entire program running as a unit on a PDP-7 or 9 

with the PDP-X Simulator. 

j (3) -Test and exercise the entire program on a real PDP-X when such is 

| available. 

i ' ; 

I 6.3 Marketinq 

'-'•* ".'■■■ 
i 

1 ■ This relatively small program will allow PDP-X Model I users to employ 

''! the powerful Extended Op instructions usually available only on the 

I larger Model II PDP-X. It will save- them from writing and loading 

I - separate subroutines to carry out such operations as multiply, divide, 

i inclusive OR, exclusive OR, and use of a push down list. By using a 

j relatively small portion of the PDP-X core, it in effect converts the 

| Model I into a Model !i (though not quite as fast). 
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